Abstract-This paper presents a novel approach to recognize the microarray image spots. The approach is based on the detection of wavelet modulus maxima in the microarray images. The detected maxima is actually the contour of the spots and thus the spots are recognized precisely. Then, the intensities within the contour of the spots can be obtained with low error rate. The test results on example image show this is an effective approach, especially for those spots with low intensities.
, [7] methods. These two methods require the specification of starting points, or seeds, and the weak point of the methods can be the selection of the number and location of the seed point. However, in terms of microarray images, the number and the location of the spots are determined. These methods prove to be very effective.
The histogram method uses a target mask which is chosen to be larger than any spot. For each spot, the intensity is determined in some fashion from the histogram of pixel values within the masked area. One of the methods is using circular target mask [8] . However, a major disadvantage is that quantitation is unstable when a large target mask is set to compensate for spot size variation.
In this paper, a new approach is presented to accurately recognize the spots. The method is based on detection of wavelet transform modulus maxima. It is s well known that wavelet transform can localize the signal in space and frequency and, thus, easily characterize the local regularity of functions. In images, that would be the locations of the object contours. From locating the contours, the object can be recognized. If it is in the microarray image processing, that is the spot recognition by locating the edges of the spot. Actually, this is an edge-based spot recognition method. Because of the ability of the wavelet transform, this method is particularly useful in recognizing the low-intensity spots.
II. MODULUS MAXIMA IN IMAGE EDGE DETECTION
Modulus maxima is defined by Mallat and Zhong in their algorithm to detect the singularity at any point , such that has a zero-crossing at and for any neighborhood of , where is the wavelet transform of real function [9] . The local maxima are detected only along a dyadic sequence of scales to obtain efficient numerical implementations. For the algorithm to detect the local maxima in [9] , two wavelets are proposed by partially derivatives of a two-dimensional (2-D) smoothing function along and For a dyadic sequence, these become to and . The value of each of these is bounded by (3) and the angle between them is given by (4) Thus. at each scale , the modulus maxima of the wavelet transform are defined as point where the modulus image is locally maximum, along the gradient direct given by . The line of position is normally the edge of the images.
III. APPLICATION OF MODULUS MAXIMA IN SPOT RECOGNITION
Here, we develop the algorithm using modulus maxima to detect the edge of the microarray spots. Supposing the smoothing function is a simple 2-D, circular symmetric Gaussian function, , which is given by
Then. the two wavelets can be obtained by partial derivative of the Gaussian function at vertical and horizontal location (6) Convolving these two wavelets with microarray function, the modulus maxima of the microarray image can be obtained by (4) and (5) . The link of the location of the maxima is actually the edge, or contour, of the spot. Fig. 1 shows an example of a single microarray spot and the local maxima, contour, obtained from the algorithm. The local maxima detects not only the edge of the spot, but also a noise above the spot which is invisible to human eye and the intensity difference within the spot. However, what we wanted is just the edge of the spot. Within the edge, the intensity of the spot can be obtained as 14 899. The intensity of the original spot is 15 604. The error is just 4.5%. Therefore, we can say this algorithm can accurately recognize the spot. Now we are applying this algorithm to a small microarray image with 7 7 array. Fig. 2(a) shows the original image. On this figure, some spots are very weak and difficult to be viewed by human eyes. After application of the modulus maxima detection algorithm, the edge of each spot can be identified, as shown in Fig. 2(b) . That is the advantage of this algorithm, it will not leave even single weak spot.
As seen in Fig. 2 , the shape of the spots varies from spot to spot. The distribution of the intensity within the spot is not uniform. Some weak areas can be identified by the local maxima within the spot. But when we do the intensity extraction, only the outer contour is concerned. Let us have a close examination of the spots, i.e., spots in column 4. Table I shows the original intensities and the relevant intensities within the contour together with corresponding error values in that particular column. We can see only few pixel intensities are not included in the contour. These are sporadic pixels in the neighborhood of the spot.
IV. CONCLUSION
From the above analysis, we can see using wavelet modulus maxima algorithm can precisely detect the contour of the microarray spots in spite of the shape of the spots. The algorithm is especially useful for those weak spots which are difficult to be detected. Thus, the intensities of the spot can be obtained with low error rate. The test result on example microarray image illustrates this is an effective approach to recognize the DNA spot.
